Many studies of caloric restriction (CR) The only established intervention that significantly extends mean and maximal life-span in short-lived mammalian species is calorie restriction (CR), or undernutrition without malnutrition (1). In addition to CR's well-known effects on longevity, it also retards the onset of several age-related diseases and maintains most age-sensitive physiological functions at youthful levels (1-3). CR research is now focused on two questions: (i) 
manipulation retards aging processes, as evidenced by increased longevity, reduced pathology, and maintenance of physiological function in a more youthful state. The anti-aging effects of CR are believed to relate, at least in part, to changes in energy metabolism. We are attempting to determine whether similar effects occur in response to CR in nonhuman primates. Core (rectal) body temperature decreased progressively with age from 2 to 30 years in rhesus monkeys fed ad lib (controls) and is reduced by -0.5°C in age-matched monkeys subjected to 6 years of a 30% reduction in caloric intake. A short-term (1 month) 30% restriction of 2.5-year-old monkeys lowered subcutaneous body temperature by 1 .0°C. Indirect calorimetry showed that 24-hr energy expenditure was reduced by approximately 24% during short-term CR. The temporal association between reduced body temperature and energy expenditure suggests that reductions in body temperature relate to the induction of an energy conservation mechanism during CR. These reductions in body temperature and energy expenditure are consistent with findings in rodent studies in which aging rate was retarded by CR, now strengthening the possibility that CR may exert beneficial effects in primates analogous to those observed in rodents.
The only established intervention that significantly extends mean and maximal life-span in short-lived mammalian species is calorie restriction (CR), or undernutrition without malnutrition (1) . In addition to CR's well-known effects on longevity, it also retards the onset of several age-related diseases and maintains most age-sensitive physiological functions at youthful levels (1) (2) (3) . CR research is now focused on two questions: (i) What is the biological mechanism underlying the diverse and proven anti-aging effects of CR in rodents? and (ii) Will this intervention exert similar effects in longer-lived species, including humans? Despite extensive research, the possible biological mechanisms of CR remain unclear. To Regardless of the mechanism by which CR retards the rate of aging, it is generally accepted that the effects of CR are attributed to a reduction in total energy intake (13 (14) . Reduced body temperature has also been associated with severe undernutrition in humans (15) . Several studies (1, 16) have documented a lowering of core body temperature in CR mice and, to a lesser extent, in rats (17, 18) ; it is possible that reduced body temperature may be involved in the mechanism of CR (16, 19 (4, 6, 9) . Briefly, 12 6 of the study all animals in the groups reported here were housed individually. Housing conditions in the second experiment were identical to those described above except that all monkeys were individually housed for the duration of the study.
Diet and Feeding Strategy. Diets for both studies were identical: a semi-synthetic formulation specifically designed to meet nutrient requirements for rhesus monkeys as recommended by the National Research Council (20) . However, certain vitamins, minerals, and trace elements were included above the recommended levels (see refs. 4 and 11 for details). Thus, diet composition was not different between studies or between control and CR groups. The nutrient concentrations of the diet were 15.4% crude protein, 5% crude fat, 8% fiber, and 3.77 kcal/g energy.
To maintain more precise control of food intake, all monkeys were fed specified amounts of food in two meals (7:00 a.m. and 2:00 p.m.) each day. Daily food allotments for control monkeys were based on age and body weight and followed established National Research Council guidelines (20) . Because control monkeys in the first study were given prescribed daily allotments and not permitted free or unlimited access to food, they were not fed ad lib. However, regular assessment of food consumption over the course of the study has shown the offered allotments to approximate ad lib consumption (E.M.T., unpublished data).
Meal allotments for CR animals were 30% less than that of control monkeys of comparable ages and body weights.
In both studies, CR was gradually instituted over a period of 3 months. In the first study, the level of restriction was 10% during the first 4-week interval, 20% during the second 4-week interval, and 30% for the third 4-week interval and thereafter.
In the second study, monkeys were randomly assigned to one of two measurement groups at the start of the experiment. responded to 30% CR in a qualitatively similar manner. Although differences in magnitude exist, tc was lowered in all monkeys once they reached 30% CR (P values < 0.05).
Heart rate and locomotor activity data are summarized in Fig. 4 . The circadian patterns for heart rate and locomotor activity exhibited the expected diurnal patterns during the overnight hours, but there was no significant effect of CR on overall activity. However, it should be noted that monkeys that had been on CR for at least 1 month were noticeably more active in the hours preceding meal time (Fig. 4) . Similar effects on locomotor activity have been reported for rhesus monkeys in our long-term study (7) . Energy Expenditure. Gradual reduction of food intake (10% per month) caused a progressive decline in 24-hr energy expenditure as measured by indirect calorimetry. Fig. 5 shows that absolute energy expenditure and energy expenditure per lean body mass were progressively lowered at each intake amount compared with ad lib feeding. By the fourth month of the CR regimen, estimates of absolute and relative (per kg of lean mass) energy expenditure were reduced (P values < 0.05) by about 24% from baseline levels.
DISCUSSION
These studies show that a dietary regimen that is known to increase life-span in rodents and other short-lived species lowered body temperature in a long-lived nonhuman primate. Results of the long-term longitudinal study demonstrate that this reduction in temperature is maintained over several years.
Results of the short-term experiment show that reductions in body temperature occur after CR is imposed in young rhesus monkeys. Concomitant reductions in 24-hr energy expenditure, but not locomotor activity or heart rate, were observed.
Our finding that body temperature was reduced in rhesus monkeys subjected to long-term CR agrees with several reports of similar findings in rodents (16) (17) (18) (23) (24) (25) . Some studies have failed to document a CR-induced reduction in rodent body temperature (26) (27) (28) . However, in these studies temperature was measured by using a rectal probe and some form of restraint, either by manual restraint to obtain the measurement or in a special apparatus during a cold-stress procedure. The (18, 25) and the findings of our short-term study suggest that the temperature difference between control and CR animals is greatest in the hours just before the regularly scheduled feeding time. Therefore, the use of a single, mid-morning (after normal meal time), measurement of tR in ketamine-anesthetized monkeys could have influenced our findings in this longitudinal study.
Results There is considerable evidence supporting the idea that an initial response to reduced intake is decreased energy expenditure that occurs before any adjustments in metabolic mass are seen. In fact, Garrow (29) has stated "there is no investigator who has looked for this effect and failed to find it." Therefore, our finding that 24-hr energy expenditure was reduced during short-term CR was not unexpected. These findings are consistent with several rodent studies that reported metabolic rate was reduced immediately following the initiation of restricted feeding begunjust after weaning (17, 30, 31) . In these studies, energy expenditure was reduced immediately after initiation of reduced intake, but it remained lowered only for about 6 weeks. McCarter (32) (36, 37 
